Introduction {#sec1-1}
============

The quality of semen containing spermatozoa is highly dependent on its medium fluid called seminal plasma (SP). SP is a part of complex fluid which mediates the function of the ejaculate \[[@ref1]\]. Biochemical component of SP is secreted by rete testis, epididymis, and accessory sex glands of male reproduction system \[[@ref2]\]. Accessory sex glands consisted of seminal vesicle, prostate, and bulbourethral gland contributed to the volume of the ejaculate. Seminal vesicle secretion is a main component of SP \[[@ref3]\].

Seminal vesicle is a hormone-dependent gland producing viscous liquid, yellow fructose, and enriched with seminal fluid (around 60-70% of semen volume) \[[@ref4]\] as well as having an important role in male fertility. Seminal vesicle secretes fructose as the energy source for sperm, amino acids, citrate, prostaglandin (PG), and proteins \[[@ref5]\]. Secretion of the seminal vesicle can increase the stability of sperm chromatin \[[@ref6]\]. Hypofunction of seminal vesicle causes sperm motility disorder and spermatozoa chromatin instability \[[@ref7]\]. Furthermore, severe dysfunction of seminal vesicle causes sexual disorder or infertility \[[@ref5]\]. Previous research showed that PG contained in the seminal fluid is mostly secreted by seminal vesicle glands \[[@ref8]\]. In males, PG is presumed to have a role in increasing libido by triggering the testes to increase the release of steroid hormones \[[@ref9]\].

PG stimulates the production of cyclic adenosine monophosphate (cAMP), as a consequence, and induces testosterone synthesis \[[@ref10]\]. The addition of PGF2α into semen diluter results in an increase of sperm viability and motility \[[@ref11]\].

Testosterone has an important role in maintaining spermatogenesis \[[@ref12]\] and male fertility \[[@ref13]\].

Sertoli cells transduce signals from testosterone to produce factors needed by the germinal cell for sperm maturation. The bond between testosterone and Sertoli cell will induce two of the molecular pathways, which is the MAP kinase and Ca^2+^ pathways that can induce phosphorylation of cAMP response element binding protein (CREB) \[[@ref14]\]. The previous research shows that the administration of seminal vesicle extract increased the quality of spermatozoa, but it was unable to elevate the concentration of testosterone in rats \[[@ref15]\].

cAMP response element modulator (CREM), which is highly expressed in spermatid and Sertoli cell \[[@ref16]\], regulates gene transcription in response to an increase of cAMP level \[[@ref17]\]. CREM was proven to have an essential role in spermatogenesis \[[@ref18]\] and spermiogenesis \[[@ref19]\]. CREM mutation in mice causes the disturbances to the early stages of spermiogenesis \[[@ref19]\], and deletion of CREM gene causes infertility in male mice \[[@ref20]\]. Moreover, CREM dysfunction leads to a failure of round spermatid to divide into mature spermatozoa \[[@ref21]\]. CREM regulates the expression of some important post-meiosis genes such as protamines and transitional protein genes \[[@ref22]\]. Protamines are the major DNA binding proteins in the sperm nucleus that cause DNA condensation and packaging in spermatozoa by histones replacement during spermatogenesis \[[@ref23]\]. In addition, protamines are important in maintaining normal sperm morphology, DNA, and motility \[[@ref24]\]. Abnormally high or low protamine expression causes DNA fragmentation which consequently leads to lower fertilization rates, poorer embryo quality, and reduced pregnancy rates \[[@ref25]\]. This study is subjected to observe the effect of seminal vesicle extract administration on CREM expression in Sertoli cells to the increase of sperm quality.

Materials and Methods {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

All experimental animals were approved by the Animal Ethics Committee of Faculty of Veterinary Medicine of Syiah Kuala University.

Seminal vesicle extract preparation {#sec2-2}
-----------------------------------

Seminal vesicle was extracted from local Aceh cow testes which were collected from Banda Aceh slaughterhouse. The preparation of 10% seminal vesicle extract was based on the method introduced by Pemayun \[[@ref26]\]. A total of 10 seminal vesicle organs were sliced and soaked in methanol for 24 h. The supernatant was obtained and dried using rotary evaporator. Then, 2.5 g of the dried supernatant was added with 10 mg carboxymethylcellulose and diluted into 25 ml normal saline before incubated for 5 min at 37-40°C.

Treatment {#sec2-3}
---------

This research used 20 male rats (*Rattus norvegicus*) which were randomly divided into 4 groups. Rats were acclimatized to a new environment for 7 days to avoid stress. During acclimatization, the rats were fed ad libitum, followed by various intraperitoneal injections (26): 0.2 ml of normal saline (K1), 25 μg cloprostenol (K2) (Prostavet C, Virbac S. A), 0.2 ml seminal vesicle extract (K3), and 0.4 ml seminal vesicle extract (K4) \[[@ref15]\]. Treatments were administered 5 times at 12-day interval. The rats were euthanized by cervical dislocation and necropsied to collect the testicles for histological observation.

Histology preparation procedure {#sec2-4}
-------------------------------

Histology slide was prepared according to the method described by Kiernan \[[@ref27]\]. Rat testes were immersed in buffered neutral formalin 10% fixative solution, then followed by dehydration process which used increasing concentrations of alcohol (70%, 80%, 90%, 95%, and absolute alcohol, respectively) for 30 min each. The next step was clearing in which the tissue samples were immersed in xylol for 30 min and repeated 3 times. The deparaffinization process was carried out in an incubator at 56-58°C for 30 min and repeated three times. Finally, the samples were embedded in liquid paraffin and let until harden. The samples were sliced into 5 μm using microtome. Every testis was made for four slides and stained by immunohistochemistry staining method.

Immunohistochemistry staining {#sec2-5}
-----------------------------

Immunohistochemistry staining was done using the avidin-biotin complex method. Initially, the slide was deparaffinized and rehydrated by immersing the slide into xylol solution 3 times for 5 min each, followed by absolute alcohol 3 times for 3 min each, then into a series concentration of alcohol solutions (95%, 90%, 80%, and 70%) for 3 min each, and finally by tap water and distilled water for 10 and 5 min, respectively. Previously, the slides were immersed into 0.3% hydrogen peroxide diluted in methanol for 15 min; antigen retrieval was done by heating the slides in a microwave for 15 min. The slides were then washed using distilled water and PBS pH 7.4 3 times for 10 min. Primary antibody (anti-CREM antibody) was added, and the samples were incubated overnight at 4°C. Then, the slides were left to reach room temperature and washed with PBS 3 times for 10 min each. The secondary antibody (anti-rabbit immunoglobulin G biotin labeled) was added, then the slides were incubated for 30 min at 37°C. Avidin drop was applied, and the slides were incubated in 37°C incubator for 30 min, then washed with PBS 3 times for 5 min each. To visualize the stained samples, the tissues were incubated in 3,3´-diaminobenzidine for 15 min at room temperature, then washed with distilled water for 5 min. Counterstain was done using hematoxylin at room temperature, which then washed by distilled water. Brown coloring on the tissue was the positive reaction toward the immunohistochemistry. The last step of staining was dehydration, clearing, and mounting using Entellan^®^. Observation of the slides was done using a light microscope with 400× magnification.

Data analysis {#sec2-6}
-------------

The parameter measured in this research was the amount of Sertoli cells expressing CREM. 30 seminiferous tubules in each group were observed under a microscope. Data acquired were analyzed using analysis of variance (ANOVA) then followed by Tukey *post-hoc* test.

Results {#sec2-7}
-------

Immunohistochemistry staining was used to detect CREM expression in Sertoli cells after the administration of seminal vesicle extract. The statistical values of CREM expression in Sertoli cells are presented in [Table-1](#T1){ref-type="table"}, whereas the expression of CREM in Sertoli cells can be seen in [Figure-1](#F1){ref-type="fig"}.

###### 

Average CREM expression in Sertoli cells after administration of the seminal vesicle extract for 60 days.

  Group   The quantification of Sertoli cells expressing CREM
  ------- -----------------------------------------------------
  K1      9.50±0.89^[a](#t1f1){ref-type="table-fn"}^
  K2      9.80±2.73^[a](#t1f1){ref-type="table-fn"}^
  K3      11.37±2.88^[a](#t1f1){ref-type="table-fn"}^
  K4      11.46±2.01^[a](#t1f1){ref-type="table-fn"}^

There was no significant difference between each superscript in the same column (p\>0.05). CREM: Cyclic adenosine monophosphate response element modulator

![Micrographs of rat testicular tissue (original magnification, ×400). (a) The control group, (b) injected with 25 μg cloprostenol. Both of these tissues revealed no difference in cyclic adenosine monophosphate response element modulator (CREM) expression in Sertoli cells (white arrow). (c and d) injected with 0.2 and 0,4 seminal vesicle extract, respectively -- revealed an insignificant difference of the expression of CREM in Sertoli cells. Sections were counterstained with hematoxylin.](VetWorld-9-1001-g001){#F1}

[Table-1](#T1){ref-type="table"} showed that CREM expression observed in the rats were injected with 0.2 ml seminal vesicle extract (K3) resulted in a slight increase from 9.50±0.89 to 11.37±2.01 cells compared to the control (K1). The rats which were injected with 0.4 ml seminal vesicle extract (K4) showed a small increase from 9.50±0.89 to 11.46±2.01 compared to the control. Although the results showed an increase in trend corresponds to the increasing doses of seminal vesicle extract (from 0.2 to 0.4 ml), either K3 or K4 showed a significant different with the control (K1) (p\>0.05). Furthermore, statistical analysis by ANOVA comparing between control groups (K1 and K2) and treatment groups (K3 and K4) also revealed no significant difference (p\>0.05). Thus, the administration of seminal vesicle extract has failed to significantly increase the CREM expression in Sertoli cells.

Discussion {#sec1-3}
==========

The previous research showed that seminal vesicle extract is a source of PGF2α. For example, in Bali cattle, PGF2α concentration reached 1750 pg/ml \[[@ref27]\]. Administration of seminal vesicle extract containing PGF2α can stimulate testes to increase the release of steroid hormone \[[@ref9]\]. PGF2α action stimulates cAMP production which would, in turn, stimulate testosterone synthesis \[[@ref10]\]. A signal from cAMP controls KIF17b function modification and directly regulates CREM transcription in male germinal cell post-meiosis \[[@ref28]\]. CREM has an important role as spermatogenesis master regulator and is an essential factor during spermiogenesis \[[@ref29]\].

Androgens have an important role in spermatogenesis and male infertility \[[@ref30]\]. Testosterone androgen is essential for spermatogenesis and secondary sexual characteristic expression \[[@ref31]\]. Testosterone is an androgen hormone within testes which is responsible for supporting spermatogenesis. The lack of testosterone will cause infertility in male as a result of spermatogenesis disorder \[[@ref13]\]. Sertoli cells are the main cellular target of testosterone signaling which is essential to support the growth and the development of male germinal cells \[[@ref32]\]. CREM is not only expressed in spermatid cell but also expressed in testicular Sertoli cells \[[@ref17]\].

The bond between testosterone and androgen receptor (AR) in Sertoli cell will induce two testosterone signaling pathways: (1) Testosterone will bind with AR, enabling AR to bind and activate Src tyrosine kinase (SRC), which will stimulate Ras and Raf-1 kinase and activate MAP kinase pathway and (2) testosterone induces Ca^2+^ influx into Sertoli cells that will cause calmodulin (CaM) to stimulate CaM kinase to translocate toward nucleus and transiently phosphorylate CREB in 1 min. The Ca^2+^ also able to stimulate protein kinase C, guanine nucleotide exchange factors, or protein kinase A slowly which would, in turn, stimulate Ras or Ras-like GTP-binding protein which activates MAP kinase pathway. These two pathways could induce phosphorylation of CREB and CREB-mediated gene expression \[[@ref14]\].

In addition to its ability to induce CREB phosphorylation, testosterone act in MAP kinase pathway also seems to be able to phosphorylate CREM. Thus, it is reasonable that testosterone is not only able to induce CREB phosphorylation but also able to phosphorylate CREM through MAP kinase pathway. Testicular CREM expression is very important in mouse spermatogenesis \[[@ref18]\].

Spermatogenesis is a complex process of producing mature and motile spermatozoa \[[@ref33]\]. Failure in CREM expression may cause failure of round spermatid maturation \[[@ref34]\]. In addition, CREM is a key factor in the regulation of the expression of post-meiotic genes number during spermatogenesis \[[@ref18]\].

However, in this study, the administration of either 0.2 or 0.4 ml seminal vesicle extract failed to increase CREM expression significantly. In agreement with our result, the injection of either 0.2 or 0.4 ml seminal vesicle extract failed to increase the testosterone level although the quality of spermatozoa was significantly elevated after the administration of 0.4 ml of seminal vesicle extract \[[@ref15]\]. Therefore, our finding suggested that spermatozoa quality is possibly not entirely regulated by the CREM showing the complexity of molecular signaling mechanism which needs to be studied further. We suppose that the doses of seminal vesicle extract in this research were still low with the result that it was not able to stimulate cAMP production and testosterone synthesis.

Conclusion {#sec1-4}
==========

The administration of seminal vesicle extract fails to increase the expression of CREM in Sertoli cells.
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